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DISPERSANT FOR USE IN SYNTHESIS OF
POLYARYLETHERKETONES

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Application Ser. No. 62/061,438, filed on Oct. 8, 2014,
which 1s incorporated herein in its enftirety by reference
thereto.

BACKGROUND OF THE INVENTION

Polyaryletherketones (PAEKs) are high-performance
engineering thermoplastic polymers that possess high tem-
perature stability, excellent electrical insulating properties at
high temperatures, good chemical resistance, and high
mechanical strength. PAEKs may be amorphous or semi-
crystalline, and when burned exhibit low toxicity and cor-
rosive fumes. The materials are of interest for use 1n bio-
medical applications such as implant formations as well as
the aerospace industry, for instance in interior aviation
applications.

PAEKSs are characterized by phenylene rings linked via
oxygen bridges that include ether and carbonyl (ketone)
groups. The ratio and sequence of the ether (“E”) and ketone
(“K™) linkages can aflect the glass transition temperature
and melting point of the thermoplastic polymer as well as the
heat resistance and processing temperature. For instance, a
polymer possessing a higher ratio of 1,4-phenylene di-
ketone linkages (e.g., PEKK) will generally be more rigid
and exhibit a higher glass transition temperature and melting
point as compared to a polymer possessing a higher ratio of
1,4-phenylene di-ether linkages (e.g., PEEK).

PAEKs are generally formed according to either a nucleo-
philic aromatic substitution polymerization scheme or an
clectrophilic aromatic substitution polymerization scheme.
Unfortunately, problems exist with both schemes. For
instance when utilizing an electrophilic aromatic substitu-
tion reaction (e.g., a Friedel-Craits reaction), the reaction
product 1s prone to precipitation and gelation, particularly at
higher conversions, resulting in a large mass of the gelled
polymer in the reactor. This material 1s very difficult to
handle and results 1n increased production costs as well as
lower product quality. Typically such a gelled mass has to be
finely ground for the subsequent purification processes
which are important to remove the catalyst residues and may
add to the cost of manufacture of the polymer. Meanwhile,
the nucleophilic aromatic substitution reaction requires high
temperatures that can promote side reactions and formation
of undesired by-products that are diflicult to separate from
the desired PAEK aflecting purity, color, and melt stability
of the final product. Furthermore the nucleophilic process
involves the use of fluorinated monomers which add to the
expense ol the product.

As such, a need exists for PAEK formation methods and
materials that can produce the polymer 1n a more suitable
particulate form to provide for formation of high purity
materials at lower cost circumventing the tedious size reduc-
tion grinding processes to facilitate easier and more eflective

polymer purification.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present dis-
closure, a method for forming a polyaryletherketone (PAEK)
1s disclosed. The method comprises supplying one or more
monomers to a reactor vessel, optionally 1n the presence of
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2

a catalyst, wherein the monomer(s) are precursors for the
polyarylene ether ketone; and introducing a heteroaryl com-
pound or a salt, derivative or adduct of the heteroaryl
compound into the reactor vessel. The heteroaryl compound
can generally have a molecular weight of about 2,000 grams
per mole or less.

Thermoplastic compositions formed of the PAEK as well
as shaped articles formed of the thermoplastic composition
are also disclosed herein.

Other features and aspects of the present invention are set
forth 1n greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the subject matter,
including the best mode thereof, directed to one of ordinary
skill in the art, 1s set forth more particularly 1n the remainder

of the specification, which makes reference to the appended
figure 1n which FIG. 1 1s a scanning electron micrograph of
PAEK polymer formed as described herein.

DETAILED DESCRIPTION

It 1s to be understood that the terminology used herein 1s
for the purpose of describing particular embodiments only
and 1s not ntended to limit the scope of the present inven-
tion.

“Acyl” refers to the groups H—C(O)—, alkyl-C(O)—,
alkenyl-C(O)—, cycloalkyl-C(O)—, aryl-C(O)—, het-
croaryl-C(O)—, and heterocyclic-C(O)—. Acyl includes the
“acetyl” group CH,C(O)—.

“Acylamino” refers to the groups —INHC(O)alkyl,
—NHC(O)alkenyl, —NHC(O)cycloalkyl, —NHC(O)aryl,
—NHC(O)heteroaryl, and —NHC(O)heterocyclic. Acy-
lamino 1ncludes the “acetylamino” group —NHC(O)CH,.

“Acyloxy” refers to the groups alkyl-C(O)O—, alkenyl-
C(0)O—, aryl-C(O)O—, cycloalkyl-C(O)O—, heteroaryl-
C(0O)O—, and heterocyclic-C(O)O—. Acyloxy includes the
“acetyloxy” group CH,C(O)O—.

“Alkenyl” refers to a linear or branched hydrocarbyl
group having from 2 to 10 carbon atoms and in some
embodiments from 2 to 6 carbon atoms or 2 to 4 carbon
atoms and having at least 1 site of vinyl unsaturation
(>C—=C<). For example, (C -C )alkenyl refers to alkenyl
groups having from x to y carbon atoms and i1s meant to
include for example, ethenyl, propenyl, 1,3-butadienyl, and
so forth.

“Alkoxy” refers to the group —O-alkyl. Alkoxy includes,
by way ol example, methoxy, ethoxy, n-propoxy, 1so-
propoxy, n-butoxy, t-butoxy, sec-butoxy, and n-pentoxy.

“Alkyl” refers to monovalent saturated aliphatic hydro-
carbyl groups having from 1 to 10 carbon atoms and, 1n
some embodiments, from 1 to 6 carbon atoms. “C,_ alkyl”
refers to alkyl groups having from X to y carbon atoms. This
term 1ncludes, by way of example, linear and branched
hydrocarbyl groups such as methyl (CH,), ethyl (CH,CH,),
n-propyl (CH,CH,CH,), 1sopropyl ((CH;),CH), n-butyl
(CH,CH,CH2CH,), 1sobutyl ((CH,),CHCH,), sec-butyl
(CH)(CH,CH,)CH), t-butyl ((CH;),C), n-pentyl
(CH,CH,CH,CH,CH,), and neopentyl ((CH,);CCH,).

“Ary]” refers to an aromatic group of from 3 to 14 carbon
atoms and no ring heteroatoms and having a single ring (e.g.,
phenyl) or multiple condensed (fused) rings (e.g., naphthyl
or anthryl). For multiple ring systems, including fused,
bridged, and Spiro ring systems having aromatic and non-
aromatic rings that have no ring heteroatoms, the term
“Ary]l” applies when the point of attachment i1s at an aro-




US 9,803,050 B2

3

matic carbon atom (e.g., 5,6,7,8 tetrahydronaphthalene-2-yl
1s an aryl group as its point of attachment 1s at the 2-position
of the aromatic phenyl ring).

“Aryloxy” refers to the group —O-aryl, which includes,
by way of example, phenoxy and naphthyloxy.

“Carboxyl” or “carboxy” refers to —COOH or salts
thereof.

“Carboxyl ester” or “carboxy ester” refers to the groups
—C(0)0O-alkyl, C(0O)O-alkenyl, C(O)O-aryl, C(O)O
cycloalkyl, —C(O)O-heteroaryl, and —C(O)O-heterocy-
clic.

“Cycloalkyl” refers to a saturated or partially saturated
cyclic group of from 3 to 14 carbon atoms and no ring
heteroatoms and having a single ring or multiple rings
including fused, bridged, and Spiro ring systems. For mul-
tiple ring systems having aromatic and non-aromatic rings
that have no ring heteroatoms, the term “cycloalkyl” applies
when the point of attachment 1s at a non-aromatic carbon
atom (e.g., 35,6,7,8,-tetrahydronaphthalene-3-yl). The term
“cycloalkyl” includes cycloalkenyl groups, such as adaman-
tyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, and
cyclohexenyl. The term “cycloalkenyl” 1s sometimes
employed to refer to a partially saturated cycloalkyl ring
having at least one site of >C—C< ring unsaturation.

“Cycloalkyloxy” refers to —O cycloalkyl.

“Halo™ or “halogen™ refers to fluoro, chloro, bromo, and
10do.

“Haloalkyl” refers to substitution of alkyl groups with 1
to 5 or 1n some embodiments 1 to 3 halo groups.

“Heteroaryl” refers to an aromatic group of from 1 to 14
carbon atoms and 1 to 6 heteroatoms selected from oxygen,
nitrogen, and sulfur and includes single ring (e.g., 1mida-
zolyl) and multiple ring systems (e.g., benzimidazol-2-yl
and benzimidazol-6-yl). For multiple ring systems, includ-
ing fused, bridged, and spiro ring systems having aromatic
and non-aromatic rings, the term “heteroaryl” applies if
there 1s at least one ring heteroatom and the point of
attachment 1s at an atom of an aromatic ring (e.g., 1,2,3,4-
tetrahydroquinolin-6-yl and 5,6,7,8-tetrahydroquinolin-3-
yl). In some embodiments, the nitrogen and/or the sulfur
ring atom(s) of the heteroaryl group are optionally oxidized
to provide for the N oxide (N—QO), sulfinyl, or sulfonyl
moieties.

“Heteroaryloxy” refers to —O-heteroaryl.

“Heterocyclic” or “heterocycle” or “heterocycloalkyl™ or
“heterocyclyl” refers to a saturated or partially saturated
cyclic group having from 1 to 14 carbon atoms and from 1
to 6 heteroatoms selected from nitrogen, sulfur, or oxygen
and includes single ring and multiple ring systems including
tused, bridged, and spiro ring systems. For multiple ring
systems having aromatic and/or non-aromatic rings, the
terms “heterocyclic”, “heterocycle”, “heterocycloalkyl”, or
“heterocyclyl” apply when there 1s at least one ring heteroa-
tom and the point of attachment 1s at an atom of a non-
aromatic ring (e.g., decahydroquinolin-6-yl). In some
embodiments, the nitrogen and/or sulfur atom(s) of the
heterocyclic group are optionally oxidized to provide for the
N oxide, sulfinyl, sulfonyl moieties. Examples of heterocy-
clyl groups include, but are not limited to, azetidinyl,
tetrahydropyranyl, piperidinyl, N-methylpiperidin-3-yl, pip-
crazinyl, N-methylpyrrolidin-3-yl, 3-pyrrolidinyl, 2-pyrroli-
don-1-yl, morpholinyl, thiomorpholinyl, imidazolidinyl, and
pyrrolidinyl.

“Heterocyclyloxy” refers to the group —O-heterocycyl.

It should be understood that the aforementioned defini-
tions encompass unsubstituted groups, as well as groups
substituted with one or more other functional groups as 1s
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4

known 1in the art. For example, an aryl, heteroaryl,
cycloalkyl, or heterocyclyl group may be substituted with
from 1 to 8, in some embodiments from 1 to 5, 1n some

embodiments from 1 to 3, and 1n some embodiments, from
1 to 2 substituents selected from alkyl, alkenyl, alkynyl,
alkoxy, acyl, acylamino, acyloxy, amino, quaternary amino,
amide, 1mino, amidino, aminocarbonylamino, amidinocar-
bonylamino, aminothiocarbonyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy, aminosulio-
nyl, aminosulifonyloxy, aminosulfonylamino, aryl, aryloxy,
arylthio, azido, carboxyl, carboxyl ester, (carboxyl ester)
amino, (carboxyl ester)oxy, cyano, cycloalkyl, cycloalky-
loxy, cycloalkylthio, guanidino, halo, haloalkyl, haloalkoxy,
hydroxy, hydroxyamino, alkoxyamino, hydrazino, het-
croaryl, heteroaryloxy, heteroarylthio, heterocyclyl, hetero-
cyclyloxy, heterocyclylthio, mitro, oxo, thione, phosphate,
phosphonate, phosphinate, phosphonamidate, phosphorodi-
amidate, phosphoramidate monoester, cyclic phosphorami-
date, cyclic phosphorodiamidate, phosphoramidate diester,
sulfate, sulfonate, sulfonyl, substituted sulfonyl, sulfony-
loxy, thioacyl, thiocyanate, thiol, alkylthio, etc., as well as
combinations of such substituents.

The present discussion 1s a description of exemplary
embodiments only, and 1s not mtended as limiting the
broader aspects of the present invention.

Generally speaking, the present invention 1s directed to a
method for preventing agglomeration and/or gelation of a
PAEK with 1tseltf as well as with reaction by-products as 1t
1s formed 1n the reactor vessel. More particularly, a reaction
mixture may be imtially supplied to a reactor vessel that
contains one or more precursor monomers. The reaction
mixture may be heated or cooled as necessary during
initiation of the polymer formation, generally depending
upon the polymerization scheme utilized to form the PAEK.
Either 1n conjunction with a monomer or after a certain
period of time, a dispersant that 1s a heteroaryl compound or
a salt, derivative or adduct thereof can be added to the
reaction mixture. The heteroaryl dispersant can be utilized
alone or optionally 1n conjunction with previously known
dispersants.

Use of the heteroaryl dispersant can prevent agglomera-
tion and gelation of polymer during PAEK polymerization
processes and can prevent agglomeration of the nascent
polymer with byproducts that may be formed in conjunction
with the polymer. Thus, through utilization of the dispersant
during polymer formation, the polymer can be more easily
purified and the process can be carried out more economi-
cally. Moreover, use of the dispersant can be easily incor-
porated 1nto existing PAEK formation processes without
need of any expensive processing components or €xcessive
processing time that would detrimentally aflect the cost
savings provided by use of the dispersants.

The total molecular weight of the dispersant compound
(c.g., the weight of a single dispersant or the total weight of
a combination of dispersants) can be relatively low 1n some
embodiments so that 1t so that it can effectively serve as a
dispersant for the polymer composition and can be easily
removed from the product following the formation process,
if desired, hence 1t may be beneficial in some embodiments
to use non-polymeric dispersant agents. In this regard, the
heteroaryl compound can have a molecular weight of from
about 2,000 grams per mole or less, in some embodiments
from about 25 to about 1,000 grams per mole, 1n some
embodiments from about 30 to about 500 grams per mole,
and 1n some embodiments, from about 100 to about 400
grams per mole.
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The heteroaryl compound includes a heteroaryl group.
Examples of heteroaryl groups may include, for instance,
pyrrole, imidazole, pyrazole, oxazole, 1soxazole, thiazole,
1sothiazole, triazole, furazan, oxadiazole, tetrazole, pyridine,
diazine, oxazine, triazine, tetrazine, and so forth. If desired,
the ring structure of the heteroaryl group may also be
substituted with one or more functional groups, such as acyl,
acyloxy, acylamino, alkoxy, alkenyl, alkyl, amino, aryl,
aryloxy, carboxyl, carboxyl ester, cycloalkyl, cycloalkyloxy,
hydroxyl, halo, haloalkyl, heterocyclyl, heterocyclyloxy,
etc. Substitution may occur at a heteroatom and/or a carbon
atom of the ring structure. For instance, a heteroaryl com-
pound may include a nitrogen-containing heteroaryl group
in which one or more of the carbon atoms in the ring
structure are substituted by nitrogen. One particularly suit-
able heteroaryl group 1s a triazine, which contains three
nitrogen atoms 1n the ring structure, e.g., a substituted or
unsubstituted 1,2,3-triazene, 1,2.4-triazene, or 1,3,5-triaz-
ene.

The heteroaryl compound may have the general structure
provided below 1n Formula (I):

(D

or a salt, derivative or adduct thereof, wherein,

the ring 1s a 6-membered aromatic ring wherein A, A,,
A, Ay, As, and A, are each independently carbon, nitrogen
or oxygen, with the proviso that at least 3 of A, A,, A,, A,
A., and A, are carbon atoms, wherein each nitrogen 1s
optionally oxidized, and wherein the ring may be optionally
fused or linked to a 35- or 6-membered aryl, heteroaryl,
cycloalkyl, or heterocyclyl;

R, 1s acyl, acyloxy (e.g., acetyloxy), acylamino (e.g.,
acetylamino), alkoxy, alkenyl, alkyl, amino, aryl, aryloxy,
carboxyl, carboxyl ester, cycloalkyl, cycloalkyloxy,
hydroxyvl, halo, haloalkyl, heteroaryl, heteroaryloxy, hetero-
cyclyl, or heterocyclyloxy;

m 1s from O to 4, in some embodiments from O to 3, in
some embodiments from O to 2, and 1n some embodiments,
from 0 to 1; and

when the compound 1s 1n the form of a metal salt, suitable
metal counterions may include transition metal counterions
(c.g., copper, 1ron, etc.), alkali metal counterions (e.g.,
potassium, sodium, etc.), alkaline earth metal counterions
(e.g., calcium, magnesium, etc.), and/or main group metal
counterions (e.g., aluminum).

The heteroaryl compound may have the general structure
provided below 1 Formula (II) or (III) or mixtures thereof:

(1)
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-continued
(I1T)

*¥ A?

wherein,

R,, R;, R, are, imndependently, hydrogen; C,-C, alkyl;
C;-C, (-cycloalkyl or alkylcycloalkyl, optionally substituted
with a hydroxy or a C,-C, hydroxyalkyl;, C,-C, alkenyl;
C,-Cq alkoxy, acyl, or acyloxy; C.-C,,-aryl or arylalkyl;
OR; or N(R;)R,, wherein R 1s hydrogen, C,-C, alkyl,
C.-C, cycloalkyl or alkylcycloalkyl, optionally substituted
with a hydroxy or a C,-C, hydroxyalkyl, C,-C, alkenyl,
C,-C, alkoxy, acyl, or acyloxy, or C.-C,, aryl or arylalkyl;
and R, 1s identical to R or O—R.;

p 1s from 1 to 4;

n 1s from 1 to 4;

A~ 1s an acid that can form adducts with triazine com-
pounds of the formula III, e.g., acetic acid or hydrochloric

acid.
Particular heteroaryl compounds can include, without

limitation, cyanuric acid:

H

HO( N OH O ] O
N\ N

v S

OH O

melamine triacetate:

N 3CH;COOH

*HCI

Z

b

as well as mixtures thereof.

The heteroaryl compound may be employed in a variety
of different forms as 1s known 1n the art, such as i1n the form
of a powder, solution, slurry, molten, etc. In addition,
mixtures ol heteroaryl compounds may be employed.
Regardless of 1ts form, the relative amount of the heteroaryl
compound added to the reaction mixture may be selected to
help achieve the desired dispersal of the formed polymer. In
most embodiments, for example, the heteroaryl compound
(or a mixture of heteroaryl compounds optionally 1n con-
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junction with one or more traditional dispersants) can be
employed 1n an amount of from about 0.05 moles to about
5> moles of the heteroaryl compound per mole of the halide-
containing monomers, or from about 0.1 moles to about 3
moles of the heteroaryl compound per mole of the halide-
containing monomers. For istance, a reaction mixture may
include the heteroaryl compound 1n an amount of from about
0.1 wt. % to about 10 wt. %, 1n some embodiments from
about 0.2 wt. % to about 5 wt. %, and 1n some embodiments,
from about 0.3 wt. % to about 4 wt. % relative to the weight
of the reaction mixture absent the solvent.

In one embodiment, the heteroaryl compound may be
utilized 1n conjunction with other traditional dispersants. For
instance, a traditional dispersant as may be utilized in
conjunction with the heteroaryl compound can have the
general structure of:

(1) Rs(OX),

(1) R, (COOX)

(111) R.(S0O;X) _, or

(1v) (Rs0),Y
in which:

R; 1s an organic group compatible with the monomer(s)
and the other components of the reaction medium;

cach X independently 1s a hydrogen atom or a monovalent
metal atom;

cach a independently 1s 1 or 2;

Y 1s a multivalent metal atom; and

b 1s an integer equal to the valency of Y.

R. may be, for example, a monofunctional or (where
appropriate) difunctional aliphatic aromatic or heterocyclic
group, for example a substituted or unsubstituted alkyl,
alkylene, aryl, arylene, alkaryl or aralkyl group. For
example, R can include alkyl and alkylene groups, such as
n-alkyl and n-alkylene groups, as well as phenyl groups,
naphthyl groups, phenylene groups, or naphthylene groups.
In one embodiment R can be a substituted or unsubstituted
aryl group, or linear or branched alkyl group, or their arylene
or alkylene equivalents where appropriate. By way of
example, R can be a C, to C; alkyl group, e.g., a methyl,
cthyl, propyl, 1sopropyl, n-butyl or 1sobutyl group; or an
unsubstituted aryl group, e.g., a phenyl or naphthyl group.
Aryl R groups can be deactivated to electrophilic attack by
attachment of electron-withdrawing groups.

In those embodiments 1n which a heteroaryl compound 1s
utilized 1n conjunction with a traditional dispersant of the
formula R .(OX) , the traditional dispersant may be an
alcohol, which also encompasses dials. The traditional dis-
persant may optionally be an organic metal oxide where X
1s, for example, an alkali metal such as sodium.

In those embodiments 1n which a heteroaryl compound 1s
utilized 1n conjunction with a traditional dispersant of the

_O_QOOCOQ

(PEK)

(PEEK)
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formula R.(COQOX) , the traditional dispersant may be a
carboxylic acid R.—COOH, which includes dicarboxylic

aclds XOOC—R—COOX, or metal salts thereof where X 1s,
for example an alkali metal.

In those embodiments 1n which a heteroaryl compound 1s
utilized 1n conjunction with a traditional dispersant of the

formula (R.—0),Y, Y can be a di- or trivalent metal atom
and b can be 2, 3 or 4 respectively e.g., (RO),Al (RO),T1,

(RO),Zn, etc.

A traditional dispersant can generally include fewer than
8 aliphatic carbon atoms, or even fewer than 5 aliphatic
carbon atoms, directly bonded to one another.

Some specific examples of traditional dispersants and
may be utilized 1n conjunction with a heteroaryl compound
include, without limitation, methanol, ethanol, 1sopropanol,
butanol, acetic acid, propionic acid, butanoic acid, trichlo-
roacetic acid, trifluoroacetic acid, methane sulphonic acid,
succinic acid, sodium methoxide, sodium ethoxide,
(CH,CH,0),Al, (CH,COOQO),Al, pentatluorophenol, and

benzoic acid.

Any of a variety of different PAEKs may be formed 1n
accordance with the present invention, including blends of

different PAEKS.

By way of example, a PAEK can have the general formula

of (IV) or (V):

(IV)

OOty

wherein Q and T are each independently —O— or
—CO—;
s and t are each imdependently O, 1, 2, or 3;
(V)

_O_Arl‘eQ_AIgas—CO_AIg—ET_AMQI_

wherein Ar,, Ar,, Ar,y, Ar, are each independently m-phe-
nylene, p-phenylene, biphenylene or naphthylene or a sub-
stituted or derivative thereof:;

or —CO—;
s and t are each independently O, 1, 2, or 3.

Q and T are each independently —O

Representatives of repeat units as may be included on a
PAEK 1include the following:

(PEKK)
(PEEEK)

—o—{ Mo Nord Hcod W

(PEEKK)
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The disclosed dispersants can be particularly useful in
forming PEKK.

The PAEKSs can be formed according to an electrophilic
aromatic substitution reaction. According to this reaction
scheme, a hydrogen of an aromatic monomer 1s replaced by
an electrophile, generally 1n the presence of an excess of a
Lewis acid catalyst. The general scheme can be represented
by the following general reaction equations (1)-(3):

(1)

TR
X—C—Ars—C—X + H—Ar,—H —»
0O 0O
| |
—C—Ar;—C—Ar,— + 2HX
(2)
I I
X—C—X + H—A—H —» C— Arg— + 2HX

wherein X 1s a halogen and Ar., Ar., and Ar, are each
divalent aromatic radicals such as those of formula (IV)
and/or formula (V) described above selected to include the
repeat units of the desired PAEK.

By way of example, a PEKK polymer may be formed by
reaction of a diphenyl ether with a suitable acid chlornide,
¢.g., terephthaloyl chlonide, isophthaloyl chlonide, etc.
according to the following reaction scheme (4):

e
c1—c4</ >—c—c1
OO0

Reactants for use 1n the reaction scheme can include PEK
oligomers such as an EKKE oligomer or the like. For
instance, a diphenyl ether can first be reacted with a suitable
acid chloride to form an oligomer possessing 1,4-phenylene

(4)

10
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di-ketone linkages and/or 1.,4-phenylene di-ether linkages
and this oligomer can then be utilized in one of the above
reaction schemes 1n formation of the polymer. When utilized
in a reaction scheme, an oligomer can generally include

about 10 monomer units or less, for instance about 5
monomer units or less 1n one embodiment.

Carbonyl halides, e.g., acid chlorides, as may be utilized
in an electrophilic aromatic substitution reaction scheme
having the general formula

O O O

H—Ar—C—X and X—C—Ars—C—X

can include divalent aromatic radicals Ar., Ar, including,
without limitation,

-O-Q
OO
OO
-

AN

F

The second monomer of the electrophilic aromatic sub-
stitution reaction, when present, can be, for example and
without limitation, diphenyl ether, 4,4'-diphenoxybenzophe-
none, 1,4-diphenoxybenzene, 4-phenoxybiphenyl, and com-
binations thereof.

Typical proportions of monomers may be used 1n a
reaction scheme as are generally known in the art. For
instance, the molar ratio of carbonyl halide monomer to
reaction hydrogen-containing monomer can generally be
from a about 5:1 to about 1:5, 1n some embodiments from
about 1:3 to about 3:1, 1n some embodiments from about 1:2
to about 2:1, in some embodiments from about 1.5:1 to about

1:1.5, and 1n some embodiments from about 1.1:1 to about
1:1.1.
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Catalysts for use 1n an electrophilic aromatic substitution
reaction scheme can include those as are generally known in
the art, e.g., Lewis acids. The Lewis acid 1s used 1n excess,
based upon the molar amount of carbonyl groups or acid
halide groups involved 1n the reaction. In general, a Lewis
acid catalyst can be utilized 1n excess of from about 2 mol
% to about 80 mol %, 1n some embodiments from about 5
mol % to about 30 mol %, based on the molar amount of
carbonyl groups involved in the reaction scheme. For
instance from about 0.01 moles to about 4 moles of Lewis
Acid per mole of acid halide, 1n some embodiments from
about 0.05 moles to about 2 moles of Lewis Acid per mole
of acid halide. As 1s understood in the art, however, this
value can vary depending upon the nature of the monomers

utilized 1n the reaction scheme. For instance, 1iI the mono-
mers include basic groups, such as sulfone groups, it may be
desirable to use a higher excess of Lewis acid.

Any Lewis acid as 1s generally known may be utilized,
which includes essentially any compound capable of accept-
ing a lone electron pair during the reaction. Examples can
include, without limitation, AICIl,, AlBr,, Sb,Cl,, Sb,F.,
InCl;, GaCl;, BCl,, BF;, ZnCl,, FeCl;, SnCl,, TiCl,,
Mo(Cl;, etc.

Anhydrous 1nert solvents as are known can be utilized.
For instance, polar solvents having a dielectric constant of
about 2.5 or greater at 25° C. can be utilized, for instance
from about 4.0 to about 25 at 25° C. including, without
limitation, methylene chloride, carbon disulfide, 1,2-dichlo-
roethane, 1.1,2,2-tetrachloroethane, 1,2-dichlorobenzene,
1,2,4-trichlorobenzene, 2-dichloroethane, as well as mix-
tures thereof.

While the reaction can generally be carried out i a
temperature range ol from about —60° C. to about 150° C.,
it will generally be desired to cool the reaction, for instance
to a temperature of from about —30° C. to about 100° C., or
from about -40° C. to about 50° C.

A nucleophilic aromatic substitution reaction scheme may
alternatively be utilized to form the PAEKSs. According to
this reaction scheme a nucleophile of a first monomer can
displace a good leaving group, e.g., a halide, of an aromatic
ring. A reaction scheme generally includes the polyconden-
sation ol a dihydroxy compound with a dihalo compound
according to the following general reaction scheme:

(5)
O

X—Arg—C—Ar,—X + HO—Arq—OH —

O
|
—— Arg—C

Arg

O— Arjp—0

wherein X 1s a halogen and Ar,, Ar,, and Ar,, are each
aromatic radicals such as those of formula (IV) and/or
formula (V) described above selected to include the repeat
units of the desired PAEK.

Representative monomers for use 1n a nucleophilic aro-
matic substitution reaction scheme can include, without
limitation, hydroquinone, 4,4'-dihydroxydiphenyl, 4,4'-di-
hydroxybenzophenone, 4,4'-dihydroxydiphenylether, 1,4-

di-[4-(4-hydroxyphenoxy)benzoyl]benzene, 4,4'-di1(4-hy-
droxyphenoxy)benzophenone, 4.,4'-d1]4-(4-
hydroxyphenoxy)benzoyl]|diphenyl, 1,5-

dihydroxynaphthalene, 2,6-dihydroxynaphthalene, 2,7-
dihydroxynaphthalene, 2,6- or 2,7-bis-(p-hydroxybenzoyl)-
naphthalene, 2.5- or 2,7-bis(p-fluorobenzoyl)-naphthalene,
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4.4'-difluorobenzophenone, 1,4-bis-(4-fluoro-benzoyl)-ben-
zene, 4.,4'-bis-(p-fluoro-benzoyl)-biphenyl, 4-(p-tluorophe-
noxy )-4'-(p-fluorobenzoyl)-biphenyl, etc. and mixtures
thereof or a C,-C,-alkyl, C,-C,-alkoxy, aryl, chlorine or
fluorine derivative thereof.

The nucleophilic aromatic substitution reaction can gen-
erally be carried out in an aprotic polar solvent in the
presence ol an anhydrous base as 1s generally known. For
instance, an aprotic polar solvent can be used having the
general formula:

wherein Y 1s a chemical bond, oxygen or hydrogens
bonded to the aromatic radical, and 7Z and 7' are each
independently hydrogen or phenyl.

For example, the reaction scheme can utilize diphenyl
sulfone as solvent with an anhydrous alkali metal carbonate
or bicarbonate base may be utilized. The alkal1 metal of the
carbonate or bicarbonate 1s not particular limited and may be
selected from, for example, sodium, potassium, rubidium, or
cestum. The reaction can generally be carried out at a
reaction temperature of from about 150° C. to about 400° C.,
or from about 250° C. to about 400° C. 1n some embodi-
ments or from about 250° C. to about 350° C. 1n some
embodiments. The amount of solvent utilized 1s generally 1n
the range of from about 5 moles to about 100 moles per mole
of monomers reacted, or from about 5 moles to about 20
moles per mole of monomers reacted 1n some embodiments.

Molecular weight control schemes as are generally known
can be utilized. For instance the reaction mixture can be
formed to 1include unactivated or activated monohalo and/or
mononitro compounds or corresponding monohydroxy com-
pounds as 1s known.

Additional materials, 1n addition to the heteroaryl disper-
sant, can be included 1n an electrophilic substitution reaction
or a nucleophilic substitution reaction scheme to aflect the
product as desired. For instance, end-capping compounds
can be combined with the reaction mixture prior to, during,
or following polymerization that can cap reactive end groups
of the formed polymer. Capping groups as may be utilized
generally exhibit low reactivity and high thermal stability,
¢.g., benzene, biphenyl ether, alkyl, etc. An end capping
compound can include a suitable end capping group and a
reactive functionality. Nucleophilic and/or electrophilic cap-
ping compounds such as and without limitation, benzoyl
chloride, xylene, phenol, 4-fluorobenzophenone, 4-chloro-
biphenyl, 4-phenoxybenzophenone, 4-(4-phenoxyphenoxy)
benzophenone, biphenyl 4-benzenesuphonylphenyl phenyl
cther, benzenesulphonyl chloride, alkyl halides (e.g., methyl
chloride), etc. can be utilized.

A diluent can also be utilized 1n a reaction scheme, 1f
desired. For instance, a non-protic diluent that 1s 1inert
towards Friedel-Crafts reactions can be utilized. Diluents
can include, for example, dichloromethane, carbon disulfide,
o-dichlorobenzene, 1.2,4-trichlorobenzene, o-difluoroben-
zene, cyclohexane, and mixtures thereof. The presence of a
diluent 1s not a requirement, however, and may be avoided
in some embodiments so as to simplily purification of the
formed polymer.

Following polymerization, the polymer may be in the
form of a suspension of particles due to the presence of the
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heteroaryl compound in the reaction scheme. While the
particles may be generally spherical in one embodiment, this
1s not necessarily the case, and particles of different mor-
phologies may be formed. For instance, the particles can be
rod shaped, plate-like, amorphous, ovoid, amorphous, or
other non-spherical shapes. In one embodiment, the particles
can be non-spherical and have an aspect ratio of greater than
about 1.3, greater than about 1.5, or greater than about 2 1n
some embodiments. Aspect ratio of the particles can be
determined as the longest cross sectional dimension of the
particle (1.e., the length of the particle) divided by a cross
sectional dimension that 1s at right angles to the length (1.e.,
the width of the particle.

The particle size can be aflected by the amount of
heteroaryl dispersant utilized as well as through the solvent
concentration, stirring characteristics, temperature param-
cters, and so forth. In one embodiment, the particle suspen-
sion can 1include particles having an average size (1.e.,
cross-sectional dimension, such as diameter) of about 5
millimeters or less, for instance from about 0.1 micrometers
to about 1000 micrometers, or from about 1 micrometer to
about 500 micrometers 1n some embodiments, or from about
10 to about 300 micrometers 1n some embodiments.

Regardless of the particular method employed, the result-
ing PAEK typically has a number average molecular weight
(M ) of about 2,000 grams per mole or more, 1n some
embodiments from about 4,000 grams per mole or more, and
in some embodiments, from about 5,000 to about 30,000
grams per mole. Of course, 1t 1s also possible to form
polymers having a lower molecular weight, such as less than
about 2,000 grams per mole, using the method of the present
invention. For instance, a PAEK may have a number average
molecular weight of from about 2,000 grams per mole to
about 150,000 grams per mole, 1n some embodiments.

The melting point of the polymer composition may also
range from about 250° C. to about 400° C., 1n some
embodiments from about 270° C. to about 380° C., and in
some embodiments, from about 300° C. to about 360° C.
Likewise, the crystallization temperature may range from
about 200° C. to about 400° C., 1n some embodiments {from
about 225° C. to about 350° C., and 1n some embodiments
from about 250° C. to about 320° C. The melting and
crystallization temperatures may be determined by differen-
t1al scanning calorimetry (“DSC”) as 1s known 1n the art. The
melting temperature 1s the differential scanming calorimetry
(DSC) peak melt temperature as determined by ISO Test No.
11357. The crystallization temperature 1s determined from
the cooling exotherm 1n the cooling cycle. Under the DSC
procedure, samples may be heated and cooled at 20° C. per
minute as stated 1n ISO Standard 10350 using DSC mea-
surements conducted on a TA Q2000 Instrument.

It desired, the resulting polymer may also be combined
with a wide variety of additives. For example, a filler
material may be incorporated 1nto a polymer composition to
enhance strength. Examples of suitable filler materials may
include, for instance, fibrous reinforcing materials, such as
glass fibers, silica-alumina fibers, carbon fibers, etc.; particle
fillers, such as calctum carbonate, talc, mica, clay, glass
beads etc.; and so forth. When employed, such fillers may,
for example, constitute from about 10 wt. % to about 90 wt.
%, 1n some embodiments from about 20 wt. % to about 60
wt. %, and 1n some embodiments, from about 25 wt. % to
about 55 wt. % of the composition. Other known additives,
such as antioxidants, heat stabilizers etc., may also be
employed.

Fillers may be incorporated into a composition following
the polymerization reaction or can be added to a reaction
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mixture, as desired and depending upon the nature of the
filler. For instance, in one embodiment from about 0.01 wt.

% to about 60 wt. % or from about 0.1 wt. % to about 50 wt.

%, based upon the weight of the formed PAEK, of an 1nert
filler or of a compound that can be converted to an inert filler
during the workup of the polymer, can be including in the
reaction mixture prior to or during the polymerization reac-
tion. Such fillers can include amphoteric metal oxides or
derivatives thereol. For example, oxides, alkoxides, or
hydroxides of aluminum, double salts of alkali metals or
alkaline earth metals with aluminum, aluminosilicates, and/
or alumina are encompassed.

Other additives that can be included in a thermoplastic
composition i conjunction with the PAEK can encompass,

without limitation, antimicrobials, lubricants, pigments or
other colorants, impact modifiers, antioxidants, stabilizers
(e.g., heat stabilizers and/or UV stabilizers), surfactants,
flow promoters, solid solvents, and other materials added to
enhance properties and processability as are known. Such
optional materials may be employed i a thermoplastic
composition in conventional amounts and according to
conventional processing techniques.

A thermoplastic composition may include the PAEK
blended with other polymers. Polymer blends can include,
for instance, blends of different PAEKS as well as blends of
one or more PAEKs with other polymers such as, without
limitation, liquid crystal polymers, fluoropolymers, pol-
yarylene sulfides (e.g., polyphenylene sulfide), polyethyl-
ene, polyethyleneimine, and so forth.

Conventional shaping processes can be used for forming
articles out of a thermoplastic composition including one or
more PAEK as described such as, without limitation, extru-
sion, 1njection molding, blow-molding, thermoforming,
foaming, compression molding, hot-stamping, fiber spin-
ning and so forth.

The present invention may be better understood by ret-
erence to the following example.

EXAMPLE 1

A PEKK polymer was formed by use of the components
described 1n the following table.

Component Mol. Wt. (M) Moles Grams
Diphenyl ether (2% Out of 170.21 0.1801 30.66
balance)

Terephthaloyl chloride 203.02 0.1412 28.68
Isophthaloyl chloride 203.02 0.0351 7.14
Benzoyl chloride 140.57 0.008829 1.241
Alumimmum chloride (anhydrous) 133.34 0.749 100
Cyanuric acid 129.07 0.0323 4.17
Methylene chloride (anhydrous) — — 800

The solids content was 17%. The reactor was a 3 necked
flask with agitation at 300 rpm. The heating profile was —20°
C. to =30° C. for 0.5 hours, 0° C. to 20° C. for 2 hours and
room temperature (about 20° C.) for 9.5 hours. The theo-
retical yield was 26 grams.

The reaction was carried out under nitrogen 1n a dry 1ce
(850 g) an 1sopropanol bath (1800 mL). Diphenyl ether (2
mol % out of balance with respect to the acid chlorides), the
acid chlorides and the cyanuric acid were added to the flask
and the solvent was then added while stirring at 100 rpm.
The mixture was cooled to at least —-20° C. Following, the
aluminum chloride at ambient temperature was added with
50 mL of solvent as a rinse. This mixture was again cooled
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to —=20° C. The addition of the aluminum chloride was done
gradually as the addition caused a large exotherm in the
reaction.

Stirring was 1ncreased to 300 rpm and the temperature
was held at -20° C. for 0.5 hours.

Following, the cooling bath was replaced with 1ce-cold
water (3 L bath) and the temperature gradually rose over a
two hour period from 0° C. to approximately room tem-
perature. The reaction was continued at room temperature
(approximately 20° C.) for 9.5 hours.

The reaction mixture was a suspension of fine particles.
The reaction mixture was viscous enough to be efliciently
stirred by conventional lab agitators.

The mixture was then quenched by pouring into a 2 L
beaker containing 1 L of water maintained at 0° C. and
stirred at 300 rpm, keeping the temperature below 20° C.
The decomplexation of unreacted aluminum residues 1s an
exothermic reaction, so the reaction mixture was gradually
added to the cold water 1n order to prevent the methylene
chloride from flashing. After 30 min to 1 hour of stirring the
white solid was filtered through a Buchner funnel.

The product was washed 1n 1 L of 4N methanolic HCI for

2 hours 1n a 5 L beaker while stirring at 100 rpm at room
temperature and then filtered through a Buchner funnel. A
second wash was 1n 2 L of 2N KOH (aqueous) heated to
90-100° C. for 2 hours 1n a 5 L beaker while stirring at 100
rpm. The product was filtered through a Bucher funnel. A
third wash with 2 L water (DI) for 30 minutes was carried
out followed by filtering through a Buchner funnel.

The product was stabilized by use of concentrated formic
acid soaking for at least 2 hours followed by vacuum drying
at 170° C. The final product yield was about 90% of the
theoretical.

FIG. 1 1s a scanning electron micrograph of the product.
The SEM characterization revealed that the particles were
irregularly formed spheres with some aggregation. The
particle size could be controlled by residence time 1n the
reactor and cyanuric acid concentration and the total mono-
mer concentration used.

Physical characteristics of the product are described in the
below table.

Before formic After formic

Characteristic Units acid treatment acid treatment

Absorbance (455 nm) NA 0.43 0.18

Thermal gravimetric ° C. 521 570

analysis

Crystallization ° C. 288 280

Temperature

Melt Temperature (T,,) ° C. 339 349

H. I/g 30.73 41.42

X, % 23.64 31.09
COMPARAITIVE EXAMPLE 1

A similar PEKK reaction was carried out as explained 1n
EXAMPLE 1, but without the addition of any cyanuric acid
as a dispersant. The reaction product gelled mto a sticky
mass at high conversion. The reaction could not be poured
as a slurry into water for decomplexation of the catalyst.
Instead, water was added to the reactor and the polymer
recovery and subsequent purification was attempted. The
product was in the form of large solid chunks and as a result
purification and washing was very difficult and required
mechanical size-reduction. Due to the gelation of the prod-
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uct, the subsequent purification was dithicult and this com-
promised the purity of the polymer. An unground sample of
the polymer following the purification process did not show
any melting peak, perhaps due to crosslinking of the poly-
mer during the test due the high concentration of the metallic
catalyst residues and/or the ineflicient stabilization of the
unstable endgroups by using formic acid treatment.

These and other modifications and varniations of the pres-
ent 1nvention may be practiced by those of ordinary skill 1n
the art, without departing from the spirit and scope of the
present invention. In addition, 1t should be understood that
aspects of the various embodiments may be interchanged
both 1n whole or 1n part. Furthermore, those of ordinary skall
in the art will appreciate that the foregoing description 1s by
way of example only, and 1s not imtended to limit the
invention so further described 1n such appended claims.

What 1s claimed 1s:

1. A method for forming a polyaryletherketone, the
method comprising:

supplying one or more monomers to a reactor vessel to
form a reaction mixture, wherein the one or more
monomers are precursors for the polyaryletherketone,
and at least one of the one or more monomers 1s a
halide-containing monomer;

introducing a heteroaryl compound into the reactor vessel,
wherein the heteroaryl compound has the following
Formula (I):

()

or a salt, derivative or adduct thereof, wherein,

the ring 1s a 6-membered aromatic ring wherein A, A,
A;, AL, A, and A, are each independently carbon,
nitrogen or oxygen, with the proviso that at least 3 of
A, A, Ay, AL, Al and A are carbon atoms, wherein
cach nitrogen 1s optionally oxidized, and wherein the
ring may be optionally fused or linked to a 5- or
6-membered aryl, heteroaryl, cycloalkyl, or heterocy-
clyl;

R, 1s acyl, acyloxy, acylamino, alkoxy, alkenyl, alkyl,
amino, aryl, aryloxy, carboxyl, carboxyl -ester,
cycloalkyl, cycloalkyloxy, hydroxyl, halo, haloalkyl,
heteroaryl, heteroaryloxy, heterocyclyl, or heterocycy-
loxy;

m 1s from O to 4; and

the one or more monomers reacting with one another 1n
the presence of the heteroaryl compound to form the
polyaryletherketone.

2. The method of claim 1, wherein the heteroaryl com-
pound has a molecular weight of about 2,000 grams per
mole or less.

3. The method of claim 1, wherein the heteroaryl com-
pound comprises a triazene ring.

4. The method of claim 3, wherein the heteroaryl com-
pound has the general structure provide 1n Formula (II) or
Formula (III) or mixtures thereof:
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(1)

(I11)

wherein,

R,, R;, R, are, independently, hydrogen; C,-C, alkyl;
C.-C,(-cycloalkyl or alkylcycloalkyl, optionally sub-
stituted with a hydroxy or a C,-C, hydroxyalkyl; C,-Cq
alkenyl; C,-C, alkoxy, acyl, or acyloxy; C,-C, ,-aryl or
arylalkyl, OR. or N(R:)R,., wherein R. 1s hydrogen,
C,-C, alkyl, C.-C,, cycloalkyl or alkylcycloalkyl,
optionally substituted with a hydroxy or a C,-C,
hydroxyalkyl, C,-C, alkenyl, C,-C, alkoxy, acyl, or
acyloxy, or C.-C, , aryl or arylalkyl; and R 1s 1dentical
to R, or O—R;;

p 1s from 1 to 4;

n 1s from 1 to 4;

A- 1s an acid that can form adducts with triazine com-
pounds of the formula III.

5. The method of claim 4, wherein A, 1s acetic acid or

hydrochloric acid.

6. The method of claim 1, wherein the heteroaryl com-
pound comprises cyanuric acid, melamine triacetate, or
melamine hydrochloride or mixtures thereof.

7. The method of claim 1, wherein the heteroaryl com-
pound 1s 1ntroduced into the reactor vessel 1s an amount of
from about 0.05 moles to about 5 moles of the heteroaryl
compound per mole of the halide-containing monomer.

8. The method of claim 1, wherein the polyaryletherke-
tone has the general formula of Formula (IV) or Formula

(V):

(IV)

o Oyl o

wherein Q and T are each independently —O— or
—CO—;
s and t are each independently O, 1, 2, or 3; or
(V)
O—Arn€tQ—AnHCO—AnR—tT—AnH—
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wherein Ar,, Ar,, Ary, Ar, are each independently m-phe-
nylene, p-phenylene, biphenylene or naphthylene or a
substituted or derivative thereof;

Q and T are each independently —O— or —CO—;

s and t are each independently 0, 1, 2, or 3.

9. The method of claim 1 wherein the method comprises

an electrophilic aromatic substitution reaction to form the
polyaryletherketone.

10. The method of claim 9, wherein the reaction equation
1s one of equation (1)-(3):

(1)

I
X—(C—Arp—C—X + H—Arp—H ——
O O
| | £ 2HX
—— C—Ars—C— Arg—
(2)
I I
X—C—X + H—Ar—H —= C—Ars— + 2HX
(3)
O O
[ %n %
nH— Ar;—C—X —» C—Ar— + HX
wherein X 1s a halogen and Ar., Ar,, and Ar, are each

divalent aromatic radicals.

11. The method of claim 10, wherein one of the monomers
1s an acid chloride that includes a divalent aromatic radical.

12. The method of claim 11, wherein one of the monomers
1s diphenyl ether, 4,4'-diphenoxybenzophenone, 1,4-diphe-
noxybenzene, or 4-phenoxybiphenyl.

13. The method of claim 9, wherein the electrophilic
aromatic substitution reaction 1s carried out in the presence
of a Lewis acid catalyst.

14. The method of claim 1, wherein the method comprises
a nucleophilic aromatic substitution reaction to form the
polyaryletherketone.

15. The method of claim 14, wherein the one or more
monomers comprise a dihydroxy compound and a dihalo
compound.

16. The method of claim 14, wherein the nucleophilic
aromatic substitution reaction 1s carried out in the presence
of an aprotic polar solvent and an anhydrous base.

17. The method of claim 1, further comprising introduc-
ing an end-capping compound to the reaction vessel.

18. The method of claim 1, wherein the polyaryletherke-
tone 1s 1n the form of particles.

19. The method of claim 18, wherein the particles are
non-spherical particles.

20. The method of claim 19, wherein the particles have an
aspect ratio greater than about 1.3.

21. The method of claim 18, wherein the particles have an
average size ol about 5 millimeters or less.

¥ ¥ H ¥ H
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